A Brazilian satellite is to be designed for participation in the first Russian/Brazilian space mission. The mission goal is obtaining data in different areas of solar-wind and solar-terrestrial physics. Possible orbits of the Brazilian satellite are considered in the paper. All the orbits approach the Sun-Earth L 1 point or both L 1 and L 2 points; some of the orbits include L 1 or L 2 halo orbit. Both direct and lunar gravityassist trajectories are considered.
Introduction
A first Russian/Brazilian space mission is being started now. The main mission goals are space weather monitoring and prediction, study of the solar wind interaction with the Earth magnetosphere, possibly experiments in the geomagnetic tail etc. Brazil intends to participate in the mission with its own satellite of about 300-kg mass to be designed as a universal platform for this and future missions. The satellite is to perform experiments jointly with Russian and Ukrainian satellites. An important goal for the Brazilian satellite is also space engineering experiments for testing new technologies and satellite systems.
The satellite orbit is not defined yet; ideally it should satisfy different, sometimes contradictory, demands of the Brazilian and Russian scientists. The demands imply the following satellite locations:
-in a vicinity of the L 1 point for the solar-wind physics and magnetic storm prediction; -in a vicinity of the L 2 point for the geomagnetic tail exploration; -crossing the magnetosphere bound for investigation of the solar wind interaction with magnetosphere. One of the mission options having been considered was the following: -the Russian satellite is inserted into a highly eccentric Earth orbit with apogee of about 400,000 km and apsid line lying in the ecliptic plane; -the Brazilian satellite is piggybacked with the Russian one and then launched from the Russian satellite orbit to the Sun-Earth L 1 point and then possibly to the L 2 point. This option has been used for the preliminary mission analysis; several possible orbits for the Brazilian satellite more or less satisfying the demands listed above were found. There are both direct transfers and ones using lunar swingby among the orbits. The orbits can be conditionally divided into the following groups:
1. Quasi-periodic orbits approaching L 1 point and returning to the Earth. 2. L 1 halo orbits. 3. Quasi-periodic orbits approaching L 1 and L 2 points in turn. 4. Flying by the L 1 point and subsequent transfer to an L 2 halo orbit.
Description of the orbits
The Brazilian satellite orbits shown and described below start from the parking orbit; the parking orbit has a 400,000-km apogee and apsid line lying in the ecliptic plane. Launch from the parking orbit can be performed using a delta-V maneuver in the parking orbit perigee (direct transfer) or using lunar swingby. The orbits have substantial out-of-plane components, although only projections of the orbits onto the ecliptic plane are shown in Figures 1-12 .
Group 1: Quasi-periodic orbits approaching L 1 point and returning to the Earth. Orbit 1. This orbit is shown in Fig. 1 ; orbital period is about five months. A lunar swingby is used for the insertion into the orbit.
Group 2: L 1 halo orbits. Orbit 2. A very short transfer to a halo orbit is presented in Fig. 2 (the transfer duration is 1.5 month); although the transfer has a high ∆V cost: total ∆V = 432 m/sec. This is a direct transfer without a lunar swingby.
Orbit 3. The orbit shown in Fig. 3 actually belongs both to the first and second groups: the spacecraft approaches L 1 vicinity, then returns to the Earth and then is placed into L 1 halo orbit. The transfer does not include any lunar swingby.
Orbit 4. The transfer to an L 1 halo orbit shown in Fig. 4 is performed using lunar gravity assist maneuver.
Group 3: Quasi-periodic orbist approaching L 1 and L 2 points in turn.
Orbit 5. As is seen in Fig. 5 this orbit approaches the L 1 and L 2 points in a rather long distance, returns closely to the Earth and goes round the lunar orbit. Insertion into Orbit 5 is direct, without a lunar gravity assist.
Orbit 6. This quasi-periodic orbit shown in Fig. 6 passes by the L 1 and L 2 points very closely and returns to the Earth in a short distance. The insertion is direct without a lunar swingby.
Orbit 7. This orbit presented in Fig. 7 is a modification of the Orbit 1 (see Fig. 1 ). A lunar swinby is used for insertion into Orbit 7.
Orbit 8. This orbit resembling an animal's face (see Fig. 8 ) uses a lunar gravity assist. Orbit 10. This orbit presented in Fig. 10 is a continuation of the Orbit 3 shown in Fig. 2 if the spacecraft is not inserted into the L 1 halo orbit but continues its flight to the L 2 point. This is a direct transfer without a lunar swingby.
Orbit 11. This orbit shown in Fig. 11 is a continuation of the Orbit 4 (see Fig. 4 ) if the spacecraft does not perform an insertion maneuver into the L 1 halo orbit. Actually Orbit 11 can be related both to the Group 2 and 4 because the spacecraft stays in the L 1 halo orbit for almost six months without any ∆V maneuver. A lunar gravity assist maneuver is needed for this orbit.
Orbit 12. This orbit is shown in Fig. 12 ; a lunar swingby is used.
Summary of the transfer parameters
Some of the transfer parameters are given in Table 1 for all 12 orbits described above. The flight duration is given in the Table for the orbit parts shown in Figures 1-12 . If the spacecraft is inserted into a halo orbit then the flight duration is given for the transfer till the insertion instance. 
